Introduction
One of the fundamental problems in the theory of the Riemann zetafunction ~'(s) is the evaluation of power moments, namely integrals of where k &#x3E; 0 and a are fixed real numbers. This topic is extensively discussed in [4] , [5] and [16] , where additional references to other works may be found. Of particular interest are the values of a in the so-called "critical" strip 0 Q 1, while the case a =1 is treated in [2] and [6] The aim of this paper is to discuss several problems and results involving power moments of + it) 1. Some of the problems that I have in mind are quite deep, and even partial solutions would be significant. In section 2 problems concerning mean values on the "critical line" a = 1/2 are discussed. Section 3 is devoted to problems connected with the evaluation of fixed. This topic is a natural one, since u problems involving the fourth moment on 7 = 1/2 are extensively treated in several works of Y. Motohashi and the author (see Ch. 5 of [5] and [8] , where additional references may be found). Motohashi [14] for an extensive account). For example, by Corollary 1 to Th. 1 of Ramachandra [13] we have if we assume that #o is rational, which we may since /30 is arbitrary (but fixed). Since we obtain (3) with 8 =!1o from (4).
We suppose now that 0 a # #o and H = oo(log T). From Ivi6-Perelli [7] (or (6.38) of [5] ) one has which implies with a suitable C &#x3E; 0 that
We obtain similarly as in [2] . By using (5) it follows that Thus we have from (6) (with D = /3oC) and Holder's inequality since H = oo(log T). This completes the proof of Theorem 1. Concerning the values of a,,Q and H for which (1) [9] ) and A. Laurin6ikas [10] , for a given real y one has (IL(-) again denotes the measure of a set) (8) but determining the true order of magnitude of IT(AT) and H(T) is a different (and perhaps even harder) problem. Presumably R(T) W T log T, so that in view of we would need a lower bound for in order to improve (7) . Let 6 &#x3E; 0 be a given constant and define
The problem is to bound, as accurately as possible, the function K(T).
Certainly we have 107 which easily follows from the limit law (8) . The significance of K(T) comes from the fact that from one obtains One can substantially improve (9) by using R. Balasubramanian's bound [1] which is valid for 100 log log T H T, T &#x3E; To . Actually (11) (12) gives trivially Naturally, any improvement of (13) would be of great interest, since in view of (10) it would mean, improvement of (11) [5] , and the remaining notation from spectral theory is the same as in [5] . To see quickly what will be the shape of the asymptotic expression for 14 (T, 0"; Ll) when T' /2 A note first that the contribution of everything except the discrete spectrum over non-holomorphic cusp forms will be O(log T). This is the same as for the case a = 1/2, and moreover the discrete spectrum may Since 3/2 -2Q &#x3E; 0 only for a 3/4, the line Q = 3/4 appears to be a sort of a boundary both for E2 (T, u) and El (T, a). For the latter function this phenomenon was mentioned already by K. Matsumoto [11] . The O-bound in (29) is certainly very dif&#x26;cult, while the omega-results may be within reach. For (1 = 1/2 it is known that E2(T) = E2(T, 1) = Q(T'/2) (see Ch. 5 of [5] ), although I am certain that the sharper result must hold. Another reason for the fact that very likely "something" happens with E2 (T, Q) at a = 3/4 is that, for Q &#x3E; 3/4, we have (see (26) and (27) [5] ) can be used to obtain Ei (T, a) = f2-(T3/4-l) for 1/2 ~ 3/4, and maybe even a slightly stronger result (i.e. T3/4-u multiplied by a log log-factor, or even by a log-factor).
In view of (29) 
